Objective: To assess if severity of hypodontia is related to a specific skeletal pattern. Study design: Lateral cephalometric radiographs and dental panoramic tomographs of 182 hypodontia patients were analysed. The severity of hypodontia was recorded and the sample was divided into groups with mild (n = 71), moderate (n = 56) and severe (n = 55) hypodontia. According to ethnicity, the sample was further subdivided into White Caucasians, African-British, and Arabian/ Indian subgroups. Cephalometric measurements were used to quantify the skeletal discrepancy and vertical facial dimensions. Mean and standard deviation for each group were obtained for comparison and an analysis of variance (ANOVA) was carried out to assess the level of significance between the means of the readings in different severity groups. Results: In the white Caucasian group, increased severity of hypodontia, was related to a retrusive maxilla with concomitant reduction of A point, Nasion, B point (ANB), reduced mandibular plane angle and anterior lower facial height (P value: 0.0935-0.9371). For the Black-British and Arabian/ Indian groups' findings were inconsistent, with no specific pattern as the number of missing teeth increased. Conclusion: The white Caucasian group followed a pattern that has previously been reported in other studies. For Black-British and Arabian/Indian groups' findings were inconsistent and no specific pattern emerged for different degrees of hypodontia.
Introduction
Hypodontia is defined as 'the developmental absence of one or more teeth, excluding third molars' (1, 2) . The prevalence of hypodontia is variable among different ethnic groups and genders, but also varied among populations in different geographical locations (3) . The prevalence of hypodontia for White Scandinavians is reported to be 4.5-6.3%, whereas 3.2-4.6% for Black Americans and 2.2-2.7% for Arabs (4, 5) . Studies report that hypodontia in the permanent dentition is higher in females than males with a ratio of 1.37:1 (3) . Both genetic and environmental factors are associated with hypodontia.
In recent years, a number of gene mutations have been identified with syndromic and non-syndromic hypodontia. Mutations of the human homebox MSX1 gene have been associated with familial oligodontia (6) and various forms of cleft lip and/or palate and hypodontia in a syndromic form (7) . Mutations affecting PAX9 gene have been linked to oligodontia (8) . AXIN2 genes have been associated with a strong autosomal dominant inheritance of oligodontia (9) . Several studies suggest that patients with congenitally missing teeth have different craniofacial patterns compared to patients with normal tooth number (2, (10) (11) (12) (13) (14) (15) . Cephalometric investigations revealed a higher European Journal of Orthodontics, 2018, 200-205 doi:10.1093/ejo/cjx049 Advance Access publication 11 July 2017 tendency towards a Skeletal III pattern with a forward chin position and retruded maxilla. Reduced maxillary and mandibular lengths with reduced mandibular to cranial base length ratio have been reported in hypodontia patients (16) (17) (18) (19) . Angular vertical measurements involving the mandibular plane may be reduced, including Frankfort-mandibular and anterior cranial base-mandibular plane angles with subsequent shortening of both upper and lower facial heights (2, 11, 18, (20) (21) (22) . Reports are inconsistent when assessing the skeletal discrepancy to severity of hypodontia (11, 12, (16) (17) (18) 23) .
Published literature reveals a wide range of results, some concluding that the craniofacial pattern of individuals, regardless of severity of hypodontia, are not affected. Chung and co-workers investigated whether the cephalometric findings of patients affected by varying degrees of hypodontia confirm the clinical assumption of a reduced facial height. They concluded there was a significant reduction of Maxillary Mandibular Plane Angle (MMPA) with increased severity of developmentally absent teeth (11) . Yuksel and Ucem investigated the relationship between the location of congenitally missing teeth and the skeletal and dental relationships and concluded that tooth agenesis has little effect on dentofacial structures (25) . Another study found that a Skeletal I pattern was the predominant trait among a tooth agenesis group, when compared to a non-affected control group (26) . Roald et al. studied the skeletal pattern of 30 individuals with varying degrees of hypodontia and compared that with matching group of unaffected controls at the ages of 9 and 16. They found that hypodontia did not disrupt the normal growth process in the craniofacial region and, apart from a slightly shorter maxilla, only minor differences were noted when compared to unaffected children (27) . Similarly, Sarnas and Rune followed up a group of subjects with hypodontia (141 subjects) from the ages of 8 to 18. They reported that normal growth changes took place in subjects affected by the condition with only minor differences that included a slightly retrognathic maxilla, forward rotation of the mandible, smaller sagittal jaw relationship and retroclined incisors in children with hypodontia. These changes did not have an effect on the position of the lips and did not impair facial aesthetics (21) .
On the contrary, a number of studies have found significant changes in dentofacial structures as the number of congenitally missing teeth increases. Øgaard and Krogstad conducted a cross sectional study comparing skeletal and dental patterns as well as soft tissue profile of patients affected by varying degrees of hypodontia to normal controls with good occlusion. They reported a significant reduction in Sella Nasion A point (SNA), ANB, MMPA, and Lower Anterior Face Height/ Total Anterior Face Height (LAFH/ TAFH) values in the severe hypodontia group (18). Nodal et al. (2) also assessed how increasing number of missing teeth would affect the craniofacial pattern of the individual. Their sample consisted of 118 hypodontia subjects that had been divided into two groups: one with 5 to 12 missing and the other group with 13 to 21 missing teeth. Comparison between the two groups showed significantly smaller mandibular plane angle and a more prognathic mandible (S-N-Pg) in the group with more than 12 missing teeth. There was no significant change in the relative antero-posterior position of the maxilla and mandible when relating them to the anterior cranial base (SNA and Sella Nasion B point [SNB] ) as the number of missing teeth increases. Nodal et al. (2) suggested that this change in morphology occurred as a consequence of over closure of the mandible due to reduced occlusal support as the number of missing teeth increases.
Bondrates and McDonald (10) investigated the relationship between the vertical facial forms and severity of hypodontia (≥6 missing teeth) that occur either as an isolated trait (non-syndromic) or as part of a clinically identified syndrome, such as hypohidrotic ectodermal dysplasia. They concluded that there was a significant reduction in the anterior face height associated for both groups when compared with norms. They suggested that the vertical facial development is dependent on the number of teeth present and that as the number of missing teeth increases, there is a reduction in the vertical height of the alveolar bone process, which will in turn have an impact on the vertical facial proportions.
The aim of this retrospective study was therefore to assess whether the severity of hypodontia is associated to a particular skeletal pattern in groups of different ethnicity.
Materials and methods
This was a retrospective study in which radiographs were reviewed for all patients attending the multi-disciplinary hypodontia clinic at Guy's and St Thomas' Hospital. The following criteria were set for patients to be included into the study:
1. Patients affected with hypodontia (other than third molar teeth) 2. 12 years of age and above 3. Pre treatment radiographs of good diagnostic quality
The exclusion criteria were:
1. Previous history of extraction of any permanent teeth (apart from third molar teeth) 2. Patients with craniofacial syndromes and cleft lip+/-palate 3. Previous history of orthodontic treatment
The search generated a total of 182 patients with hypodontia. Patients included into the study were only those who had a preexisting dental panoramic and lateral cephalometric radiograph. The severity of hypodontia was determined by the dental panoramic tomograph. All cephalometric radiographs were imported to Dolphin Imaging Software® to analyze the skeletal structures and obtain the angular and linear values for SNA, SNB, ANB, MMPA, LAFH/TAFH ratio, and WITS analysis. A single operator undertook the tracings for all lateral cephalographs, with a maximum number of 12 tracings per day. Each severity group was divided into subgroups according to ethnicity (white Caucasians, n = 137; African-British, n = 32; Arabian/Indian, n = 13). The Arabian and Indian ethnic groups share similar skeletal and soft tissue features and were pooled into one subgroup to increase sample size.
Statistical analysis
To assess intra-examiner reliability, 20 randomly selected lateral cephalographs were re-traced by the same operator and the concordance correlation coefficient was calculated (24) .
Data was analysed using Stata 14.2 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.) For all hypothesis tests, statistical significance was pre-determined at α = 0.05.
Intra-examiner agreement was assessed using Lin's coefficient of concordance, ρ c , and Bland-Altman 95 % Limits of Agreement, Table 1 .
Mean and standard deviation for each ethnic subgroup was calculated for all values and an analysis of variance (ANOVA) was used to assess the statistical significance between means of the groups. Univariate summary statistics for each ethnic group and degree of hypodontia are in Tables 2-4. The effect of ethnic group and degree of hypodontia on the dependent variables was analysed using two-way ANOVA in conjunction with Šidák's multiple comparison of means where appropriate. The results are summarised in Table 5 .
Results
The results of the Lin's coefficient of concordance, ρ c , and Bland-Altman 95 % Limits of Agreement showed that the intra-examiner repeatability of the tracings was high with no significant difference detected (Table 1 ).
Cephalometric analysis for the different subgroups

African-British group
As the number of missing teeth increased, a slight reduction in SNA, ANB, MMPA, LAFH/TAFH, and WITS values was measured. There was no trend associated for the SNB values ( Table 2 ).
Arabian/Indian group A slight increase in the MMPA and WITS values were noted as the severity of hypodontia increased. There was no pattern associated with the other values ( Table 4) .
White Caucasians group
A slight reduction in SNA, SNB, MMPA, LAFH/TAFH values were noted as the number of missing teeth increased. ANB and WITS values were more reduced with the severely affected subjects (mean = 1.48° for ANB and 1.86 mm for WITS; Table 3 ). Overall, the changes in values were small (Figures 1-6 ). ANOVA did not show a significant difference between the means for the three severity levels in each ethnic group. Level of probability (P > F) Table 6 . Level of probability for readings across all severity groups. between obtained means across different hypodontia subgroups are shown in Table 6 .
Discussion
This study was conducted to assess whether the severity of hypodontia is associated with particular cephalometric dimensions and patterns for groups of different ethnicities. A total of 182 subjects with hypodontia had been divided into subgroups according to ethnicity and number of missing teeth. Statistical analysis revealed no significant difference in the readings when the number of missing teeth increased for all ethnicity groups (P values ranged between 0.1469 and 0.9447) which is in agreement with Yuksel and Ucem's study (25) . There were inconsistencies in the findings, particularly for the Black-British and Arabian/Indian subgroups. This is likely due the number of subjects in these two groups being insufficient to reflect a true representation of the population investigated (a total of 32 subjects in the Black-British group and 13 in the Arabian/Indian group, across all severity subgroups). The total number of white Caucasian subjects in this study (137 subjects) makes this group more reliable to further discuss the findings and compare our results to previous reports. Our investigation appeared to confirm earlier reports in the literature that, for white Caucasians, an increased number of developmentally missing teeth was associated with a reduction for SNA, ANB, MMPA, and LAFH/TAFH ratio. Statistical analysis however did not confirm significance for this association, comparing means of the different severity subgroups with each other. When we compared readings from the mildly affected group with published norms of the same ethnic background it showed that it falls within the normal range of the unaffected population (Table 7) . When comparing our results to the study by Øgaard and Krogstad, their SNA value (79.4°) was similar to our findings (79.38°). SNB was 79.1°, which was insignificantly different from the controls; the SNB for the White Caucasian subgroup in our sample was 77.9°. They reported an ANB of 0.3°, which is smaller to our findings (ANB = 1.48°). Their maxillary mandibular plane angle (MMPA), was 27.6°, which was similar to our investigation (25.21°). Most results were similar with none of the differences reaching significance. Øgaard and Krogstad concluded, that although there were some statistically significant differences in the dentofacial structures of individuals affected by severe hypodontia, these might have been due to dental and functional compensation rather than a difference in growth patterns (18) .
Some reports suggest that there is a link between the extent of hypodontia and the skeletal pattern of the affected individual, others do not concur. Reduction of total vertical facial height may occur as a consequence of reduction in the lower anterior facial height, over closure of the mandible resulting in a more prognathic mandible. Reduction of the anterior lower facial height could also be explained by the increased occlusal load on fewer teeth, which could lead to intrusion and/or increased occlusal wear of the existing dentition. Another theory suggests that with increasing number of congenitally missing teeth, less vertical development of the alveolar process of the jaws occurs, which in turn has an impact on the vertical development of the lower third of the face. However, there is disagreement in literature on whether these changes are significant enough to have an impact on the facial appearance and how professionals should approach treatment of the affected individuals. From reviewing the previous reports and from the results of this study we would recommend that patients with hypodontia be assessed on an individual basis for treatment need.
Conclusion
The effect of mild, moderate and severe forms of hypodontia on cephalometric values of three different ethnic groups has been investigated in this study. The white Caucasian sample of our study followed a pattern that had been reported previously with a reduced SNA, ANB, MMPA angles, and LAFH as the severity of hypodontia increased. These changes were not statistically significant.
However, the small sample size for the groups may explain these inconsistencies, as our sample may not have been a true representative of the investigated populations.
Our recommendations are that patients with hypodontia should be assessed on an individual basis for need of treatment and not to generalize preformed ideas of certain skeletal and/or dental patterns on every patient with congenitally missing teeth.
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